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VILNIAUS AUKSTUTINES PILIES VERTIKALIUJU DEFORMACIJU TYRIMAI

Greta Miltinyté!, Vladislovas Ceslovas Aksamitauskas?

Ymagistranté, *profesorius
Vilniaus Gedimino technikos universitetas,
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Anotacija. Darbe apzvelgtas tyrimo objektas, jo vertikaliyjy deformacijy stebéjimo metodika, statiniy deformacijy
atsiradimo priezastys. Surinkti ir susisteminti duomenys apdoroti matematiniais — statistiniais metodais. Atlikta visy
matavimy cikly apzvalga ir pateiktos jy iSvados. Siekiant iStirti statiniy bikle, duomenys pateikiami grafiskai.
Analizuojant grafikus, iStirti statiniy pokyciai ir pateiktos galimos jy atsiradimo priezastys. Norint istirti klimato jtaka
sédimy dydziams, panaudoti hidrometeorologiniai duomenys i§ Lietuvos hidrometeorologijos tarnybos prie Aplinkos
ministerijos.

ReikSminiai ZodZziai: Vilniaus Aukstutiné Pilis, Gedimino bokstas, Kunigaik§¢iy rGimai, statiniy deformacijos,
vertikaliosios deformacijos, sédimai, ciklas.

imtasi stebéti kalno ir statiniy deformacijas, kad bty

Ivadas galima sekti pilies biukle, prognozuoti jos deformacijas.

Deformacijos gali biti vertikalinés (sédimai) bei Darbo tikslas — atlikti Vilniaus AukStutinés pilies

grunty poslinkis horizontalioje padétyje (nuosliauZzos). vertikaliyjy deformacijy tyrimus

Dazniausios statiniy sédimo priezastys: nevienoda Tyrimy metodika — dugiamediy matavimy duomeny

statinio pagrindo- geologiné strukttira; grunto iskilimas g inuimas i susisteminimas. Alickamas jy tyrimas

prie§ jrengiant pamatus; grunto pakilimas (patimasis) dél sieckiant i$siaiSkinti statiniuose vykstancius pokycius.
Salcio jtakos; drégmés ir grunto atSilimas; statiniy svoris; Sédimy prieastiy iSaitkinimas bei padaryty iSvady
slégio pasikeitimas j gruntg pasikeitus statinio svoriui; realumo vietovéje patikrinimas.

netolygus slégio pasiskirstymas priklausomai nuo statinio Tyrimui atlikti, naudojami duomenys yra paimti i

svorio po pamatais, pamaty matmenys; kietumas ir . o . . . ”
po p > P U 55 daugiameciy techiniy ataskaity, kurios buvo ruosiamos

forma; dinaminés apkrovos j pagrindus; grunto stiprumo ;4 ieng matavimy ciklo metu. Pirmieji darbai buvo

pokytis atlickant poZeming statyba; Zmogaus jtaka; atlikti 1968 m. lapkritj, o paskutinis matavimy ciklas

dirbantys mechanizmai ir kt. Jeigu sédimai yra dideli ir ivykdytas 2008 m. balandj. T§ viso per § laikotarpj (40

netolygilis tuomet gali atsirasti jvairiis plySiai ir jtrikimai. mety) buvo atlikti XIII matavimy cikly. Darbus vykdé

Norint stebéti statiniy pokycius, yra atliekami stebéjimai UAB ,InZineriniai tyrinéjimai®. Darby usakovas — VI

— matavimai. Stebéjimai gali biti fizikiniai ir geodeziniai

(Razinskas 1979).

»Vilniaus piliy direkcija®“. Darby metu buvo stebimos

Gedimino kalno ir jo statiniy planinés bei vertikaliosios

Vilniaus - miesto  AukStutiné  pilis yra  svarbus deformacijos. ~Siame darbe pasirinkta  nagrinéti

respublikinés reikSmes XVI - XIX a. architektiros, Aukstutinés Pilies statiniy vertikaligsias deformacijas.

istorijos ir archeologijos paminklas, todél ja bitina

iSsaugoti ateities kartoms. D¢l to dar nuo 1968 m. buvo
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Tyrimo objektas
Pilies
(PV)

gynybinés sienos dalis, Kunigaiks¢iy rtmai, Pietinio

Tyrimo objekta sudaro tik Aukstutineés

statiniai: Gedimino bokstas ir pietvakariné
boksto pamatai, Siauriné siena, Pietiné atraminé siena,
Rytiné atraminé siena ir Siaurés vakariné (SV) atraminé

siena (prie Gedimino boksto) (1 pav.).

Gedimino bokstas
ir PV gynybinés
sicnos dalis

pamatai

1 pav. Aukstutinés Pilies statiniy ir markiy i§déstymo schema

Vertikaliyjy deformacijy stebéjimo metodika

Sédimy stebéjimai vykdyti pagal I-0s ir 1l-0s KI.
geometrinio niveliavimo metodikg. Visus tolimesnius
matavimus stengtasi vykdyti prisilaikant pries tai buvusiy
cikly principinés markiy niveliavimo schemos ir nuo ty
paciy pradiniy reperiy. Nezymiis schemos pasikeitimai
kartais atsirasdavo dél analogisky matavimy schemos
susiejimo } bendra kompleksa, papildomai jtvirtinty,
sunaikinty markiy ar atrasty reperiy. Matavimy metu
prisilaikyta valstybinio standarto GOST 24846 - 81
,»Qruntai. Pastaty ir jrenginiy pagrindy deformacijy
matavimo metodai“ reikalavimy ir matavimy metodikos
nustatytos ,Pastaty ir jrenginiy pamaty ir pagrindy
deformacijy stebéjimy vadove®. Niveliacijos é&jimams
iSlyginti ir markiy altitudéms i$skaiCiuoti buvo
naudojamas personalinis kompiuteris ir programy
komplektas ,,Raduga‘“. Matavimai buvo vykdyti ,,CARL
ZEISS JENA* firmos nivelyru KONI 007 ir ,,LEICA*
firmos nivelyru NA 3003. Pirmieji sédimy stebéjimo
ciklai rémési pradiniais giluminiais reperiais Nr. 5656,
Nr. 5657, Nr. 5658 ir Nr. 5660 (Gedimino kalno pastaty
sédimy stebéjimo techninés ataskaitos 1995 — 2008 m.).

Rezultatai

Buvo susiteminti techniniy ataskaity duomenys ir
pateiktas ziniaraStis, kuriame vieny sédimy stebéjimo
duomenys fiksuojami nuo 1968 m., kity nuo 1995 m. I§

viso tiriamos 52 markés: 8 markés Gedimino bokste ir
PV gynybinés sienos dalyje; 6 markés Kunigaiksciy
rimuose; 2 markes Pietinio bokSto pamatuose; 19 markiy
Siauringje sienoje; 8 markeés Pietinéje atraminéje sienoje;
5 markés Rytinéje atraminéje sienoje; 4 markes SV
atraminéje sienoje (prie Gedimino boksto).

Paskutinio (2008 m.) ciklo duomenimis, 1968 m.
lapkricio mén. atzvilgiu (per 40 mety), vidutiniskai
daugiausiai i$ statiniy sédo Pietinio boksto pamatai (46,7
mm), maZiausiai — $iauriné siena (11,7 mm). Didziausias
kurios  Nr. 5627
(Kunigaikséiy raimuose) — 59,3 mm; maziausias markés
Nr. 5630 (Kunigaikséiy rimuose) — 10,8 mm. 1995 m.
gruodzio mén. Atzvilgiu (per 13 mety) vidutiniskai

sédimas nustatytas  markés,

daugiausiai i$ statiniy sédo Pietiné atraminé siena (21,8
mm), maziausiai — Siauriné siena (5,1 mm). DidZiausias
sédimas nustatytas markés, kurios Nr. 9455 (Pietinéje
atraminéje sienoje) — 41,0 mm; maziausias markés Nr.
19n/5207 (Rytingje atraminéje sienoje) — 0,9 mm.

Statiniy buklei istirti, sédimy reikSmés pateikiamos
grafiskai (2-9 pav.). I§ grafiky galima prognozuoti plysiy
atsiradimo vietas. Taip pat, galima pamatyti, kokia
kryptimi svyra statiniai.

Atliekant statiniy vertikaliyjy deformacijy tyrimus,
buvo jvertinti meteorologiniai duomenys, kurie paimti is
Lietuvos hidrometeoroligijos tarnybos prie Aplinkos
ministerijos apie ty mety meteorologines salygas.
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3 pav. Rytinés atraminés sienos vertikalinés deformacijos
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6 pav. Kunigaiks¢iy rimy vertikalinés deformacijos
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Apzitréjus vietove buvo rastos islikusios 36 markeés.
Viena i$ jy, esanti ant Gedimino Pilies pavaizduota 10
pav. Statiniy sienose matomi plySiai tik patvirtina jog

vyksta statiniy deformacijos (10 pav.).

10 pav. Kair¢je marké Nr. 5634; deSingje Kunigaiksciy
rimuose esantis plySys

ISvados

1. Daugiameciai (1968 — 2008 m.) Aukstutinés
Pilies statiniy tyrimy rezultatai parodé, kad ant kalno
esantys statiniai, stebéjimo laikotarpiu, deformavosi
(vyko sédimai ir sieny trikimai).

2. Galima teigti, kad didziausi sédimai stebimi
pietiniuose statiniuose. 1968 m. lapkri¢io mén. atzvilgiu
(per 40 mety) vidutiniS$kai daugiausiai i§ statiniy sédo
Pietinio boksto pamatai (46,7 mm); 1995 m. gruodzio
mén. atzvilgiu (per 13 mety) — Pietiné atraminé siena
(21,8 mm). Maziausi sédimai uzfiksuoti Siauriniuose
statiniuose. 1968 m. lapkri¢io mén. atzvilgiu (per 40
mety) vidutini$kai maZiausiai i§ statiniy sédo Siaurine
siena (11,7 mm); 1995 m. gruodzio mén. atzvilgiu (per 13
mety) — taip pat Siauriné siena (5,1 mm).

3. Sédimy reikSmeés priklauso nuo daugeliy faktoriy:
geologiniy,
salygy,
konstrukcinio stabilumo. Statlis §laitai, augalai, palikti

hidrogeologiniy, hirdrometeoroliginiy

vietovés zmogaus Ukinés veiklos, statiniy
puvantys kelmai, visa tai skatina Slaity erozija ir
nuogliauzas. Siems procesams didele jtakg turi ir bloga
péséiyjy ir kroviniy keltuvo

netinkamai  atlikti  Slaity

stabilizavimo darbai, Valdovy Riimy atstatymo darbai,

nuoteky kanalizacija,
keliamos  vibracijos,
kalno lankytojy iStrypti augalijos plotai, ,,palaidoti®
pozeminiai statiniai (tuneliai ir Sachtos) bei Saltinélis
esantis rytiniame Pilies kalno S$laite (,,STRUCTUM®
Zurnalas sekmingam verslui 2014).

4. Nustatyta, kad sezoniSkumas (gamtiniai procesai
ar zmoniy kiekio poveikis) sédimams jtakos neturi.

5. Dél kalno statiniy deformacijy vystymosi biitina
pratesti jy geodezinj stebéjima, ypaC probleminése
vietose atlikti tvirtinimo darbus. Gedimino kalnas vertas
nuolatinio specialisty démesio, nes tai yra Lietuvos
valstybingumo ir Salies sostinés simboliu tapes kulttiros
paveldo objektas, kuris per visg misy istorijg buvo vienas
1§ svarbiausiy Vilniaus dominan¢iy.

Padékos

Dékojame UAB ,,InZineriniai tyrinéjimai® buvusiam
geodezininkui-specialistui R. Luditinui bei Geodezijos ir
kadastro katedros darbuotojams uz pateiktus duomenis,

pasidalinta patirtj, suteiktg informacija ir sugaista laika.
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RESEARCHING OF VILNIUS UPPER CASTLE
VERTICAL DEFORMATIONS

G. Miltinyté, V. C. Aksamitauskas
Summary

The main objective of this work is to investigate vertical
deformations on the Vilnius Upper Castle. Data from the
measurement technical reports are being used to carry out the
research. The monitoring works started in 1968 and lasted till
2008. The objects of the research are the Gediminas’ Tower and
a part of Southwestern Defensive Wall, Grand Duke Palace,
Foundation of the Southern Tower, Northern Wall, Southern
Retaining Wall, Eastern Retaining Wall and North-Western
Retaining wall (next to the Gediminas’ Tower). Review of all
the measurement cycles carried out and findings presented.
Collected systemized data is processed with mathematical—
statistical methods. In order to investigate the state of the
buildings, data is presented graphically. While analyzing the
graphics, changes of the buildings were investigated and
possible causes of their appearance are presented. To investigate
climate impact to the wvolume of the sittings, hydro-
meteorological data from the Hydro-meteorological Service
under the Lithuanian Ministry of Environment was used.

Keywords: Vilnius Upper Castle, Gediminas’ Tower,
Grand Duke Palace, construction deformations, vertical
deformations, cycle.
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Research of Vilnius Upper Castle vertical deformations
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Abstract. The aims of this study were to to review the monitoring methodology of the vertical deformations and to
identify the reasons of deformations that occur in structures of Vilnius Upper Castle, Lithuania. Collected systemized
data is processed with mathematical—statistical methods. In order to investigate the state of the buildings, a new cycle
of measurements (XIV) was carried out in 2016. Data of all measurement cycles is presented and compared with
previous data that was provided in technical reports of measurement cycles (first measurements began in 1968). In
order to investigate conditions of the structures, data is presented graphically. When analyzing the graphics, it is
possible to investigate changes of the buildings and possible causes of their appearance are presented. Long-term
research and results have shown, that all the cracs and crevices that were found during monitoring (1968 to 2016) in
Upper Castle’s structures Were caused by large and uneven deformations.

Keywords: Vilnius Upper Castle, Gediminas’ Tower, Grand Duke Palace, construction deformations, vertical
deformations, cycle.

Conference topic: Technologies of geodesy and cadastre.

Introduction

There are two types of deformations: vertical deformation and horizontal displacement of the soil (landslide).
The most common causes of vertical deformation of buildings are: uneven structure of the geological ground under
the building; the rise of the soil before installing the foundations; soil elevation (swelling) because of the cold,
moisture and the warming of soil, weight of the building, alteration of the ground pressure during weight changes of
the building, uneven pressure distribution depending on weight of the building under the foundations, dimensions of
the foundations, hardness and shape, dynamic loads to the ground, variations of the strength of soil during
underground constructions, influence of the human, working mechanisms etc. All the cracs and fractures are caused
by large and uneven deformations. Geodetic techniques have traditionally been used mainly for determining the
absolute displacements of selected points on the surface of the object with respect to some reference points that are
assumed to be stable. Non-geodetic techniques have mainly been used for relative deformation measurements within
the deformable object and its surroundings (Celik et al., 2001; USACE, 2002). Each main measurement technique
has its own advantages and drawbacks. Geodetic techniques, through a network of points interconnected by hight,
angle and/or distance measurements, usually supply a sufficient redundancy of observations for the statistical
evaluation of their quality and for a detection of errors (Erol et al., 2004).

Vilnius Upper Castle is an important 16th — 19th centuries architectural, historical and archaelogical monument
that has a high national meaning. As it is necessary to save this object for the future generations, on the 6th of April
2016, a new (XI1V) measurement cycle was completed in order to follow further conditions of the castle and to be
able to predict future vertical deformations (Baselga et al., 2011). Measurements were carried out in acordance with
leveling accuracy of second order, and the received data was compared with data of previous measurement cycles
that was provided in technical reports (the first measurements began in 1968).

The main objective of this work is to investigate vertical deformations on the Vilnius Upper Castle.

Methodology of the research — collection and processing of the long-term monitoring data.

Sizes of vertical deformations obtained during measurements are compared with the previously set values.
Research is carried out to determine the changes occuring in buildings and the reasons of vertical deformations to
make a conclusion about the certainty of situation in the area (Henriques and Casaca, 2007).

Data from the technical reports of the long-term measurements that have been prepared for each cycle of
measurements were used to implement this study. The monitoring works started in November 1968 and lasted untill
April 2008. During the 40-years period, XIII cycles of measurement were carried out. Measurements performed by
Ltd. “Inzineriniai tyringjimai”. Developer of the measurements was Public Enterprise “Vilniaus piliy direkcija“.
Vertical and horizontal deformations of Gediminas Hill and other structures were monitored during the
measurements. During XIV cycle of measurements it is chosen to analize vertical deformations of Vilnius Upper
Castle structures.

© 2017 The Author. Published by VGTU Press. This is an open-access article distributed under the terms of the Creative
Commons Attribution (CC BY-NC 4.0) License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.
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The object of research

The objects of the research are the Gediminas’ Tower and a part of Southwestern Defensive Wall, Grand Duke
Palace, Foundation of the Southern Tower, Northern Wall, Southern Retaining Wall, Eastern Retaining Wall and
North-Western Retaining Wall (next to the Gediminas’ Tower). During the cycle, it was decided to abandon
monitoring of the Northern Wall deformations because of the negligible displacements of geodetic marks. It was also
found, that using data from the technical reports of the long-term measurements, it is difficult to draw conclusions
about the Northern Wall vertical deformations and tilting. Gediminas Upper Castle structure, geodetic marks of
vertical deformations and levelling scheme are shown in figure 1.
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Fig. 1. Monitoring of geodetic marks of vertical deformation and levelling scheme on the 6th of April, 2016.

Methodology of vertical deformations monitoring

Monitoring of vertical deformations was carried out according to the accuracy requirements of geometric
levelling of second order. All other measurements were carried out trying to stay close to previous cycles principal
schemes of geodetic marks levelling. The first monitoring cycles were based on initial deep bench-marks Num. 5656,
Num. 5657, Num. 5658 and Num. 5660 (vertical deformation monitoring technical reports of Gediminas Hill
structures from 1995 to 2008). Minor changes in the scheme occured due to the merging of analogue measurement
schemes into a common complex, additionally established and destroyed marks or new bench-marks. State standart
GOST 24846 - 81 “Soil. Methods of strain measurement of buildings and equipment framework® and requirements
as well as measurement methods from ,,Buildings and equipment foundations and framework strain foreseing
manual“ (in force at the time) were used during the measurements. Measurements were carried out using automatic
level NA 3003 and code rods of different length made by company “Leica”. Visual FoxPro software was used to
compensate levelling moves and calculate altitudes of marks.

Steep slopes, marks established in hardly accessible and barely visible areas, and difficult weather conditions
(due to the strong wind it was hard to hold the code rod horizontally) were the main problems during the
measurements.

Results

Data of technical reports was systematized and filled into sheets, of which one of the monitoring vertical
deformation data was recorded since 1968 and the other data since 1995. Investigation was carried out to complete
X1V measurement cycle using 26 of 34 values of vertical deformation marks.

Durring the second last cycles data (2008), on average, most of the vertical deformations of the structures were
established in foundation of the Southern Tower (46.7 mm) and the least at Northern Wall (11.7 mm) using data
from November, 1968 (40-years period). The biggest vertical deformation was established of the mark Num 5627 (at
Grand Duke Palace) — 59.3 mm, the lowest of the mark Num. 5630 (at Grand Duke Palace) — 10.8 mm. Within 13
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years since December 1995 the biggest average vertical deformation was detected on Southern Retaining Wall (21.8
mm) and the lowest — at Northern Wall (5.1 mm). Southern Retaining Wall’s mark Num. 9455 vertical deformation
during data of measurements was the biggest — 41.0 mm and the East Retaining Wall’s mark Num. 19n/5207
contrariwise — 0.9 mm.

Comparing all data (from November 1968) with the data of the last cycle in 2016 (48-years period), most
average vertical deformations were established at Grand Duke Palace (35.2 mm), Gediminas Tower and a part of
Southwestern Defensive Wall (28.7 mm). Foundation of the Southern Tower has not been recorded due to the
corrosion of marks. The biggest vertical deformation during period since 1968 was observed at Grand Duke’s Palace
mark Num. 5627 (73.3 mm); the lowest 8.1 mm of mark Num. 5630. Since December 1995 (21-years period) the
biggest average vertical deformation was detected on Southern Retaining Wall (26.4 mm), the lowest — 10.6 mm of
Southwestern Defensive Wall (near Gediminas Tower), the vertical deformation of East Defensive Wall on average
was 17.7 mm. South Defensive Wall’s vertical deformation value (48.7 mm) was established of the mark Num.
9270; the lowest - of the mark Num. 19n/5207 (East Defensive Wall) — 1.2 mm.

To investigate conditions of the structures, vertical deformation values are displayed graphically in figures 2 to
7. All the charts can be used to identify risk areas of cracks and the heel angle of the structure by a verticale. In order
to examine changes of structures, sedentaries of Vilnius Upper Castle’s structures are shown by the directions of the
major axes. Vertical sedentaries of Gediminas Tower, a part of Southwestern Defensive Wall, Grand Duke Palace
and foundations of Southern Tower (since 1968), can be seen sufficiently different in the charts when comparing the
IV and 111 measurement cycles values. The differences are due to the fact that deep bench-mark (that previously was
an itial deep bench-mark) was also affected by the vertical deformations and its deformation value was increased by
10.9 mm since 1968. For this reason, all the values of vertical deformations obtained in 1995 were adjusted. These
values are considered to be final. All the charts were adjusted by the value changes in the 1V measurement cycle.
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The whole area was inspected carefully and 26 marks have been found around the Upper Castle. One of the
Gediminas Castle marks is shown in figure 8. Visible cracks in the structures (figure 8, on the right) confirm about
permanent deformations.

Fig. 8. Mark Num. 5634 on the left; on the right — visible crack on Grand Duke Palace.

Causes of deformations

Deformations are caused by natural and technogenic processes. Natural factors are classified according to:
e uneven ground geological structure of the building;
feature of soil compression and its horizontal displacement (landslides);
soil elevation (swelling) because of the cold;
impact of moisture and soil warming;
hydro-meteorological conditions: temperature fluctuations (seasonal and long-term), changes in
groundwater level and soil moisture.
Technogenic factors are classified according to:
e weight of structures;
o changes of soil properties due to the groundwater level change;

16
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changes in soil durability while constructing underground,;
influence of ongoing nearby constructions of buildings and structures;

due to human influence: vibrations caused by working machines and other mechanism (Razinskas,
1979).

Steep slopes, plants, rotting stumps are causing erosion and landslides of the slopes. Several large landslides
were mentioned in technical reports (a new landslide was recorded at the end of 2016), which probably influenced
vertical deformations of the Vilnius Upper Hill structures. Poor draining, improperly performed works of slope
stabilization, trample down vegetation areas, existing underground structures (tunnels and shafts). In the article of
“STRUCTUM” magazine (Lekaviciene, 2014), it was offered to analyse all previously collected information of
Vilnius Upper Castle conditions when the threat has occured. The article also reveals one of the secrets of Gediminas
Hill — underground tunnels: mysteriously winding underground corridors entering premises, brick or wood lumber
walls, in some places ceilings havewooden supports. Scheme of the tunnels and photos are shown in Figure 9.
According to the head of the Public Enterprise “Lietuvos paminklai“ V. Drumsta, underground tunnels were dug by
prisoners of war during WW 1. Condition of these tunnels is not investigates yet, but the fact is that effect exists. It
is because of bad conditions of the overall underground structures. While searching for causes of failures and
landslides of the hill, scientists raised hypothesis that the main issue is poor conditions of underground structures and
failure of constructions (Lekaviciene, 2014).

Fig. 9. Underground tunnels of Gediminas Hill (Lekaviciene, 2014).

The most problematic area of Gediminas Hill is a wellspring on the eastern slope of the Castle Hill. This area is
on top of the hill between bricks of the defensive wall. It is a former water artery of well which opened after
landslide. Earlier, this water artery was vitally important for Castle hill defenders but nowadays this may be the cause
of the slope erosion.

Another problem causing hills deformations is rain water collection and drainage. It was found that drainage
pipes are worn out, cracked and have moved from their places. Some of them are not connected. For this reason,
water leaks and erosion of the soil starts (Lekaviciene, 2014).

Deformations of structures might have also been influenced by human activities. Lithuanian Grand Duke Palace
restoration works that were started in 2002 may be classified as such activity. Also, in 2003, pedestrian and cargo lift
was installed on the northern slope. Vibrations caused by the installation of pedestrian and cargo lift, may also have
an impact on stability of the slope. All these reasons can influence results of measurements since the cycle (X) was
started in 2002.

Conclusions

1. Longterm research (1968 — 2016) of cracks in the buildings of the Upper Castle have shown that all the
features of the castle have been deformed during the time of the measurements (deformations and cracks in the walls
have occurred);

2. Investigations suggest that the biggest vertical deformation was seen at Southeastern side of the hill. Since
November 1968 (durring 48 years), on average, the biggest vertical deformation of structures has happened in
foundation of the Grand Duke Palace (35.2 mm); since December 1995 (durring 21 years) — on Southern Retaining
Wall (26.4 mm). The least vertical deformation was detected on north-west side of the hill. The lowest vertical
deformation since November 1968 (durring 48 years) was established at Gediminas Tower and a part of
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Southwestern Retaining Wall (28.7 mm); since December 1995 (durring 21 year) — on Southwestern Defensive Wall
(near Gediminas Tower) (10.6 mm);

3. The vertical deformation values depend on many factors: geological, hydrogeological and
hydrometeorological conditions, human economic activity, structural stability of buildings. Steep slopes, plants,
rotting stumps are causing the slopes erosion and landslides. Poor draining, improperly performed works of slope
stabilization, trample down vegetation areas, existing underground structures (tunnels and shafts), vibrations of
pedestrian and cargo lift, restoration works of Grand Duke Palace and former water artery on the eastern side of
Castle Hill also have a significant impact;

4. The vertical deformation values were within the limits of the accuracy of measurements;

5. In order to avoid vertical deformations, it is necessary to extend geodetic monitoring, especially in problem
areas and carry out reinforcement works. Gediminas Hill is worthy to be monitored by specialists as it is Lithuanian
statehood and became the symbol of the cultural heritage of the country’s capital, which is the most important
dominant object throughout the history of Vilnius city.
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